Abstract Social learning approaches have become a prominent focus in studies related to sustainable agriculture. In order to better understand the potential of social learning for more sustainable development, the present study assessed the processes, effects and facilitating elements of interaction related to social learning in the context of Swiss soil protection and the innovative 'From Farmer -To Farmer' project. The study reveals that social learning contributes to fundamental transformations of patterns of interactions. However, the study also demonstrates that a learning-oriented understanding of sustainable development implies including analysis of the institutional environments in which the organizations of the individual representatives of face-to-face-based social learning processes are operating. This has shown to be a decisive element when face-to-face-based learning processes of the organisations' representatives are translated into organisational learning. Moreover, the study revealed that this was achieved not directly through formalisation of new lines of institutionalised cooperation but by establishing links in a 'boundary space' trying out new forms of collaboration, aiming at social learning and co-production of knowledge. It is argued that further research on social learning processes should give greater emphasis to this intermediary level of 'boundary spaces'.
Introduction
Soil degradation is among the major environmental threats to the sustainability of agriculture in Europe (Helming et al. 2006 ; Van-Champ et al. 2004) . Soil erosion has been increasing in Switzerland since the 1950s. An estimated 20% of the cultivated land has been affected by soil erosion since 1990 Mosimann et al. 1990; Prasuhn and Grünig 2001) . Emerging off-site impacts since the mid-1970s, for example the eutrophication of various Swiss lakes, and extensive research activities brought the issue to the public's attention (Prasuhn and Weisskopf 2004a; Weisshaidinger and Leser 2006) . Subsequently,-in the context of the general reorientation of Swiss agricultural policy in 1993-several legal regulations regarding soil protection and sustainable land resource management have been introduced. However, soil conservation measures have only scarcely been applied to date in agricultural practice, and soil erosion damage can still regularly be observed . In many other European countries, the problem setting related to conservation agriculture is very similar to the situation observed in Switzerland (Auzet 2003; Boardmann and Poesen 2006) .
The research that we present here aims to analyse this phenomenon and to identify alternative ways of implementation. For this reason, we first characterise governmental soil protection implementation strategies in Switzerland by linking them to current scientific debates on communication and rural innovation. In this way, we designate the concepts of 'co-production of knowledge' and 'social learning' as a suitable theoretical framework. After presenting the research methods, we further analyse soil protection strategies that concern available space for social learning. The paper then focuses on the process of social learning in the 'From Farmer -To Farmer' project-a project which seeks to facilitate the spread of soil conservation measures by bridging the gap between farmers', experts and scientists' knowledge. Finally, conclusions will be drawn on the potential of social learning and co-production of knowledge for more sustainable soil cultivation.
In analysing the limited success of soil protection in Switzerland, three obstacles were found:
1. Soil protection has been perceived in past primarily as a technical task. The major efforts have gone into understanding the bio-physical dimension of soil erosion and soil protection as well as the quest for technological solutions. Technological solutions such as no-tillage, mulch tillage or strip tillage are essential in the quest for sustainable agriculture; however, they are not the answer in themselves. Technological solutions need to be integrated with broad cultural, social, political and economic transformations (Schneider et al. 2009) . Against this background the current emphasis on the technical dimension should be complemented with a focus on human activity and social processes (see Woodhill and Röling 2000) . 2. As a consequence, soil protection strategies are based on the concept of knowledge transfer: Implementation of innovation is regarded as a linear, one-dimensional process, where technologies are developed by research and transferred by extension services to the farmers (Carr and Wilkinson 2005; Roux et al. 2006) . Scientists are thus conceived of as producers of new knowledge and farmers as adopters. However, in practice the 'knowledge system of agriculture' (Blum 1994 ) is much more complex. A number of recent publications propose alternative forms of knowledge production Ravetz 1993, 1994; Gibbons et al. 1995; Kates et al. 2001; Nowotny et al. 2001; Rist et al. 2007; Steyaert et al. 2007; Warner 2008) . From different starting points, all these authors agree that knowledge creation in post-modern society should be conceived of as a process of co-production of knowledge between academic and non-academic actors. For the case of agriculture in general and soil protection in particular this means that the quest for sustainable soil cultivation should be understood as process of knowledge co-production between farmers, experts and scientists. Thus, this model goes clearly beyond the paradigm of knowledge transfer underlying classical systems of agricultural extension. While the transfer model is underpinned by assumptions of positivist science such as the existence of an objective and valuefree description of external reality, conceptions of coproduction of knowledge build on constructivist understandings. 3. Soil protection policies have therefore emphasised mainly the ecological and agro-economical dimension of soil degradation and soil conservation. However, as we have shown in other research (Schneider et al. 2009 ), farmers perceive soil erosion and soil conservation measures against the background of their takenfor-granted life-world at large. Even if farmers frequently discuss aspects of institutional, economic, ecological and agronomic relevance, theses aspects cannot be understood apart from socio-cultural and aesthetic elements, including social values and norms, professional ethics, and their philosophy of life.
Hence it is evident that the underlying values, norms and meanings of the different actors, as well as their explicit and tacit conceptions of knowledge and human action, play crucial roles in the current problem of implementing Swiss soil protection. We deduce from this that in innovating sustainable agriculture, the central question should move from how farmers learn a new technique most efficiently to how farmers, scientists and advisors can collaborate (Coughenour 2003) , re-negotiate existing and co-create new meanings for soil erosion and soil conservation.
Transformation of the values, norms, rules and power relationships that govern the use of agricultural soils can be addressed by the concept of 'social learning': In recent years, social learning approaches have become a prominent focus in studies related to sustainable agriculture and natural resource management (Altieri 2004; DavidsonHunt 2006; Eshuis and Stuiver 2005; Jiggins et al. 2007; Röling and Wagemakers 2000; Roux 1997; Tàbara and Pahl-Wostl 2007; Warner 2007 Warner , 2008 . The social learning approach represents a philosophy focusing on participatory processes of social change. This means integrating the knowledge of different people, whether they are farmers, scientists or experts. Changes emerge when actors 'change their minds' through critical thinking, interactions and dialogue with others. This involves questioning the assumptions that underlie human actions and concepts (Woodhill and Röling 2000) . As stated by Röling (2002) , it is necessary to move from individual "multiple cognitions" to interrelated "collective and distributed cognition" and to an understanding of group processes to capture the essence of social learning. In this sense, Rist et al. (2006) define social learning processes as the simultaneous transformation of cognitive, social and emotional competences as well as of social capital which includes attitudes and values related to collective or individual social actors emerging from the joint search for more sustainable management of natural resources at the interface between the world of rural actors, experts and public administration. Nonaka et al. (2001) combine the learning dimension with an understanding of knowledge creation which they describe as continuous, spiralling process of conversions between tacit and explicit forms of knowledge. The distinction between tacit and explicit forms of knowledge is a fundamental basis of their theory. According Nonaka et al. (2001) , explicit knowledge can be expressed in words and can therefore be transferred in the form of data, scientific formulae or manuals. By contrast, tacit knowledge (also called embodied knowledge or knowledge by experience (Reichert et al. 2000) is highly personal and hard to formalise, making it difficult to communicate. However, tacit knowledge is deeply rooted in the actions and experiences of individuals as well as in their ideals, values or emotions. Against this background, the authors mentioned conceptualise knowledge creation not as static management of existing explicit knowledge, but as dynamic management of the process of creating knowledge out of knowledge. They argue for understanding knowledge creation as a continuous self-transcending process which must be 'nurtured' rather than 'managed'.
Methodology
What kind of research is needed to overcome the abovementioned shortcomings regarding implementation of soil conservation in the context of sustainable development and long-term sustainability of agricultural resources? There is growing agreement that transdisciplinary research is an appropriate form of research when searching for solutions to 'real world problems' with a high degree of complexity, uncertainty and controversy (Hurni and Wiesmann 2004; Klein 2001; Pohl 2008; Rist et al. 2007; Woodhill and Röling 2000) . Transdisciplinary research aims at transgressing the boundaries between scientific disciplines and between science and practice in order to contribute to more sustainable development.
In this sense, researchers collaborated with the 'From Farmer -To Farmer' project and jointly co-produced new knowledge. The researchers investigated processes related to social learning in the project and its accompanying group by means of participatory observation, document analysis, group discussion, and qualitative interviews with all regular participants in the 'accompanying group' (for a further description of this group see Chapter 3.2). At the same time the researchers actively participated in this accompanying group. As a result, the social science perspective continuously enriched the debates and the researchers themselves learned about the perspectives and knowledge of other participants. Moreover, preliminary research results were regularly brought back to the group. This facilitated continuous reflection on the ongoing activities as well as refinement of the project. As a consequence, the approach of the present study is part of what Burawoy (1998) calls a 'reflexive model of science' which embraces not detachment but engagement as the broad road to knowledge.
Soil Protection in Switzerland and the 'From FarmerTo Farmer' Project
Soil Protection in Switzerland
Switzerland is one of the few European countries that has established a comprehensive legal framework to enhance implementation of soil conservation measures on a large scale (Prasuhn and Weisskopf 2004b) . Soil protection is made explicit in several national laws passed by the Swiss parliament. Some of these laws are enforced by the Federal Office for Agriculture (FOAG), others by the Federal Office for the Environment (FOEN). Practical implementation of soil protection, nevertheless, is within the competence of cantonal authorities such as the soil protection agencies and agricultural offices. Soil protection agencies are responsible for evaluating impacts on the soil in general and arranging necessary measures. Agricultural entities are responsible for implementing regulations governing agricultural direct payments, which state that farmers who intend to receive direct payments must take suitable protection measures against soil erosion.
However, it is largely unclear how these laws are to be enforced. They stipulate that erosion should be avoided but they do not say how this is to be done. In consequence, the responsible cantonal authorities implement soil protection with varying intensity and different approaches. The adopted strategies range from 'top-down risk-oriented approaches' based on soil erosion risk maps to 'top-down damage-oriented approaches' based on reporting of concrete soil erosion damage to 'participatory oriented approaches' based on management contracts and counselling interviews.
Besides the national and cantonal authorities already mentioned, several other actors play important roles when it comes to protecting agricultural soils, namely farmers and their organisations, educational establishments, and research stations (Blum 1994) .
By analysing the situation of soil protection in Switzerland in regard to spaces for social learning between farmers, experts and scientists, we found that social learning is often impeded primarily for four reasons:
1. Lack of possibilities for interaction (e.g. time, space). Collaboration between actors involved in soil protection and agriculture and actors at the local, regional and national levels is traditionally weak. There are few spaces where these actors regularly meet and collectively develop new knowledge and strategies. Most meetings of this kind take place between actors at the administrative level (e.g. experts in agriculture and soil protection): farmers are usually not involved. When farmers are involved it is generally in the context of knowledge transfer activities that represent hierarchies and power relations characteristic of top-down approaches to innovation.
2. The involved actor groups have different life-worlds, working methods, interests and priorities. While farmers are primarily interested in producing food based on a culturally defined form of life and government agencies are interested in protecting soils, soil scientists focus on producing theories about soil functions and processes. Furthermore, few agricultural organisations are sensitised to the need for soil protection, while many others do not consider it a priority (Fry 2001) .
3. There is a lack of trust between different actor groups. Experiences with top-down implementation methods in agriculture reveal the prejudices of all actors involved: Farmers fear that institutional actors will impose something on them which does not correspond to their lifeworld. Representatives of soil conservation agencies suspect actors in agriculture of blocking any discussion of more sustainable agriculture. Representatives of agricultural agencies worry that soil conservation actors will only make demands for further restrictions on farming. In other words, all actors are afraid, that other actors act from their perspective only and do not take the concerns of others seriously.
4. Scientific knowledge is seen as superior to other forms of knowledge. Farmers' knowledge is mostly characterised as 'know-how' and not appreciated by science, because it does not comply with traditional scientific criteria (Fry 2001) . Co-production of knowledge, however, requires that scientific knowledge is not privileged over farmers' knowledge.
While agricultural and environmental policies of Switzerland have been defined autonomously with regard to Europe, basic features of the respective European and Swiss policy frameworks are rather similar (e.g. high degrees of protectionism, direct payments for ecological and other services, strong presence of public regulation). This fact allows suggesting that this Swiss case study gives insights that are also applicable to the wider context of EU.
The 'From Farmer -To Farmer' Project Several cantonal agencies and federal offices concerned with soil protection and agriculture, farmers' assemblies, agricultural schools and research institutions have tried to enhance the spread of soil conservation through an innovative 'farmer-to-farmer approach'. The approach is based on the insight that farmers, experts and scientists have different perspectives on soil, work with different methods, and speak another language. Therefore, farmers are expected to learn more easily from the experiences of other farmers who have already integrated soil protection on their farms (Fry 2001) . To valorise this knowledge, the 'From Farmer -To Farmer' project was established between 2001 and 2007. The project sought to identify farmers' knowledge about conservation agriculture and to communicate this knowledge in farmers' networks by means of story-telling and film (Fry 2004 ).
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The project was accompanied and shaped by an 'accompanying group' built by participants representing farmers, experts and scientists. It thus represented a typical multi-actor and multi-level situation related to sustainable agriculture (Table 1) .
Fundamental transformations within the project and its accompanying group as well as the involved institutions led us to conceive of the 'From Farmer -To Farmer' project as an interesting case study of initially unintended processes of social learning and co-production of knowledge. In order to characterise social learning and coproduction of knowledge we will first describe the project's development by reconstructing the oral and recorded debate among the people involved. Then we will identify the main effects of social learning processes and subsequently elements that facilitated these processes. These three aspects are highly interrelated and separated only for analytical reasons.
Development of the 'From Farmer -To Farmer' Project
The project's development can be divided into four phases: a conceptual phase, a pilot phase, a film production phase, and a film dissemination phase. The overview (Table 2) reveals that these four phases differ regarding content and activities, formally participating actor groups, and the predominant aim and underlying knowledge concepts of the participants. During all these phases, however, farmers', experts' and scientists' knowledge was relevant and social learning and co-production continually increased.
Conceptual Phase
The project was initiated by the future project leader who elaborated the projects design based on her experience working in a cantonal soil protection agency and her insights from social science research about the different perspectives of farmers, experts and scientists related to soil fertility (Fry 2001) . In this early phase, the project aimed to promote soil protection within agriculture by developing decision-making aids together with farmers. This should allow farmers to better assess soil quality, as with the rarely adopted examination aids developed by soil experts (e.g. spade test). Several cantonal soil protection agencies and the Federal Office for the Environment were interested in the unconventional approach. The approach, we argue, was coherent for most of these actors, as it corresponded to their experience that farmers have other perspectives and languages, to their aims in implementing soil protection, and to their underlying concepts of unilateral knowledge transfer. This is reflected in the question 'How can farmers' learning processes related to better soil management be facilitated more efficiently?' Two soil protection agencies and the Federal Office for the Environment financed the project in this initial phase on the condition that actors in agriculture, especially the Federal Office for Agriculture, supported the project as well. This was a quite challenging task, as most agricultural organisations were not interested in the issue of 'soil protection'. Eventually, they were convinced by the project's focus on the perspectives of farmers. After personal discussions with representatives of agricultural organisations, the project's design was adapted according to the concerns expressed. In place of the question of 'soil protection', farmers' views and actions were put at the centre of the project. This shift in the focus was reflected in the renaming of the project, from 'Farmers Decision-Making Aids for Physical Soil Protection' to 'From Farmer -To Farmer'.
During the conceptual phase the idea of building an accompanying group was proposed by the Agridea extension service. The accompanying group was meant to ensure interconnectedness within the knowledge system of agriculture and soil protection, to support the project with different kinds of knowledge, and to help disseminate the knowledge in related agricultural networks. Furthermore, the accompanying group was established explicitly to facilitate learning between representatives of agriculture and soil protection. However, it was assumed that the experts involved would verify farmers' knowledge.
Pilot Phase
In a next step the Federal Office for Agriculture, the Federal Office for the Environment and ten cantonal soil protection agencies agreed to finance a pilot project, where the effectiveness of the 'from farmer -to farmer approach' would be proven. All planned working steps were to be tested, from investigating farmers' sustainable soil cultivation strategies to the diffusion of this knowledge in farmers' networks. Cantonal soil protection agencies and agricultural schools helped to identify farmers who had broad experience in soil conservation. Their knowledge, gathered over years of collaboration with soil conservation experts, was identified and tapped by the project team, which interviewed farmers in their fields and produced a short pilot film. Subsequently, the film was presented in an agricultural school and at an assembly of a local machinery ring. Evaluation of these presentations by means of a questionnaire further encouraged the project approach. In parallel, the project leader conducted a social science investigation of farmers' networks to determine the most efficient way of subsequently distributing the films. This way, the strategies and experiences of existing and successful agricultural networks, such as a cantonal program promoting conservation agriculture and the customers of agricultural contractors, were integrated into the project.
In this phase, the first reunions of the accompanying group took place. Many different actors from soil protection and agriculture participated. Discussions in this group were about fundamental elements of the project's approach and often controversial: How can the effectiveness of the project be verified? Are all relevant actors involved in the project? How can the traditional tensions between agriculture and soil conservation been mitigated? Is film a good means of knowledge transfer?
Film Production Phase
The aim of this phase was to jointly produce professional films about farmers' experiences with soil conservation. While the film was initially seen as one means among others for the diffusion of farmers' experiences, it was now becoming a central focus in collaboration between the actors involved, mainly because of positive experience with the pilot film in the previous phase. The films were produced by a team consisting of the project leader and audio-visual professionals in close collaboration with the farmers involved and the accompanying group. All three actively participated in the creation of the films' concept, contents, and form. Drafts of the films were presented to the farmers and the accompanying group. Farmers, experts and scientists discussed what issues might appeal to the target group, what content corresponded with soil protection, and what other issues should be included. Discussions in the accompanying group turned more and more from attempts to come to terms with the project approach to concrete questions about the project's realisation.
By end of 2006 production of the films was finished with an opening event, which took place at the annual meeting of the agricultural organisation SVLT. The project initially only carried out by actors from soil protection turned into a project being part of agriculture.
With the initiation of this phase a close partnership with a university institute was established. This allowed engagement with social scientists who joined the accompanying group and began to analyse the social learning processes related to the project (see section on methodology). Transdisciplinary research within the project facilitated continuous reflection on ongoing activities and refinement of the project.
Film Dissemination Phase
The aim of this phase was the presentation of the films in farmers' assemblies. The farmers' organisations involved activated their networks in order to create space to present the films and facilitate discussions and learning processes among farmers. This process is still ongoing and the subject of other publication.
Meetings of the accompanying group and transdisciplinary research also continued in this phase. Joint reflection in the accompanying group caused growing awareness of the effects of the films: participants realised that the films not only had an impact on farmers, but that they influenced first of all the participants in the accompanying group and their respective home institutions. The participants became increasingly convinced that learning is needed not only with farmers but among all participants.
In the following section we shall describe the effects of the processes of social learning and co-production of knowledge in greater detail.
Effects of the Social Learning Processes

Mutual Understanding and Trust
All interviewed actors stated that they gained greater degrees of trust and mutual understanding of the views and room for manoeuvre of the other participants.
An administrative representative described the process of confidence building in this way:
"We know each other, all are well minded. At the beginning we had to find a way to cope. One had to think more before one said something. A straightforwardness appeared -mutual trust developed. (...) You do not need to bluff. You realise that everybody comes out of a different field with different expert knowledge."
The related process of growing mutual understanding was expressed by a farmer as follows:
"You begin to gain understanding of their (experts') concerns and points of view. You look at the world more broadly and begin to see why people do things differently elsewhere. Why people from the federal government act as they do. And why they can't do otherwise. You believe you understand clearly why you think as you do. But to consider another opinion and be able to say, "yes, in principle he's also right" -this is a path we need to pursue further."
Broader Understanding of the Issue
The emergence of mutual understanding and trust came along with a broader view of the situation and an increased understanding of the key issues related to soil conservation. Some participants stated that they gained new insights about technical issues related to soil, soil erosion or soil conservation. Others claimed to have complemented their knowledge about soil conservation by learning more about social processes, e.g. the importance of integrating farmers in governmental implementation strategies from the beginning. However, all participants stressed personal discussions with other 'experts' that tackled the questions of soil conservation from different standpoints. An agricultural expert expressed this as follows:
"It is interesting to see how each individual views things; people are very important to me. One may represent a didactic viewpoint, another may be involved in a global network, and a third may base his argument on statistics...Much is clear from theory or practice, but it are the connections ...it isn't really that I gain new knowledge but that my own knowledge is put in another context or becomes more deeply ingrained in my own awareness."
The participants contextualised their existing knowledge, taking into account a broader range of perspectives. At the same time, existing and new knowledge was better embodied in the persons involved. This reveals the importance of the tacit and explicit dimensions of the knowledge creation process.
Scrutinising Approaches and Underlying Knowledge Conceptions
In parallel to the processes described above, some of the involved administrative representatives started to scrutinise their approaches. The representative of the Federal office for Environment, for example, stated that while interacting with farmers in the field he learned about their reality and thus critically reflected on their own institutional implementation strategy as too limited:
"After (the group meetings) I saw much clearer how direct drilling works. Of course one had read about it before. But when you are there yourself you see how the farmers explain the machines. When you are with the farmers on their fields you also see the difficulties: The complexity of their decisions, with heavy soils for instance. Mostly we confront them with a specific problem and they have to cope with the whole crop rotation, the weather, that they get it done in time ...." By-and-by, all participants were sensitised to the 'From Farmer -To Farmer' project's participatory approach. While at the beginning the majority saw the project as a means to the end of transferring soil conservation to farmers, albeit with unconventional methods, they came more and more to realise that integration of farmers is not only better for dissemination, but also brings better solutions. They also started to realise that social learning and co-production of knowledge are needed to overcome the contradictions between sectoralised forms of knowledge.
Although the philosophy of knowledge transfer and its underlying positivist knowledge conception is deeply embedded in the thinking and acting of farmers, experts and scientists, there is clear evidence that participants have gradually been changing their knowledge conception. This is especially true for actors who already had partly constructivist knowledge conceptions on a tacit level: A cantonal soil protection agency, for example, designed their implementation strategy while taking account of different kinds of knowledge, but they could not name the underlying principles. Collaborating with the 'From Farmer -to Farmer' project, their representative learned to express the underlying assumptions of their implementation strategy and to argue with it. Some actors with an initially positivist knowledge conception gradually changed it as well. For example, an administrative representative who primarily questioned the project's approach experienced to some degree the value of integrating farmers' knowledge and working with the unconventional approach.
Improved Collaboration for Better Solutions
All participants stressed the achievement of successful collaboration between actors representing farmers, researchers, experts and administrative representatives. The participants learned that collaboration with "others" is possible and meaningful. They described collaboration as a common quest for better solutions to soil degradation. A farmer put it as follows: "You feel that everyone knows it won't be easy. And we can achieve something together only step-by-step. You could feel that already in this group. No one said, "it must be like this." When scientists have something to say, it simply becomes a directive. But here you feel involved in a common search for solutions with practitioners: "what is possible? And what is not possible?"
Beyond concrete collaboration in the context of joint production of the film, the participants used their new contacts in different intensities: Some had almost no further contacts, others stated that they contacted key persons more easily, and still others started to work together in new projects or programs. The most far-reaching example of a newly established collaboration positively influenced by the experiences in the 'From Farmer -To Farmer' project is a novel project where exponents of organic agriculture and the no-tillage soil conservation system work together in the context of a national resource protection programme. This is quite exceptional, as there have been traditional tensions between the two parties regarding different notions about the use of chemicals. Both the representative of organic agriculture and the representative of no-tillage, are convinced that this would not have been possible without the establishment of personal contacts and the positive experiences in the 'From Farmer -to Farmer' project.
Film as an Intermediary Object
The films can be regarded as visible expressions of the common quest for better solutions and the related social learning process. Discussions in the accompanying group and with the involved farmers in the field directly influenced the design and content of the films. This can be concluded from analysis of the group meetings, as well as from how the participants see the process. While in the beginning there were controversial discussions about the elements to be presented in the film (e.g. the use of the plough) and the possibilities of using the films for knowledge exchange, in the end all participants developed a certain feeling of ownership of the project and the films. The films become the linking element between the individual participants: They became an 'intermediary object'. In speaking of intermediary objects we follow the definition of Vinck (1999) , who introduces the term for objects which are produced when actors change their perception of an issue and come to a shared understanding. Intermediary objects are characterised by their ability to federate people around a concrete entity and thus to launch collective action, on the one hand, and the ability to circulate from one place to another, on the other hand (Steyaert et al. 2007) . Intermediary objects in the form of films have the advantage of conveying explicit as well as tacit elements.
Positive Connotation of the Issue 'Soil'
The 'From Farmer -To Farmer' project stimulated discussion of soil conservation issues in agriculture. Soil protection was linked to the idea 'from farmer -to farmer' to a certain degree. It is no longer just a request coming from environmental protection advocates; it became a matter of concern to farmers. Furthermore, the films convey not only technical facts but also a certain emotional ambience. Both elements contributed to a more positive connotation of soil protection in agriculture. For example, several participants who have been in regular contact with the Federal Office for Agriculture observed that it is easier today to debate questions related to soil protection with this federal office. The representative of the Office himself put it as follows: "The project served internally as a door-opener for the Federal Office of Agriculture. Now when I bring up the topic of soils, everyone knows, ah, yes, soil: From Farmer -To Farmer, the films, direct seeding...Goodwill has been generated. The internal effect in the end is perhaps as great as the external. Management tools have been created here: if you stimulate internal awareness about soil and arouse sympathy for the topic you then have a chance to implement actual tools that can have an effect. Film is a very different medium: film appeals to our senses and reaches people in another way that somehow inspires confidence."
Change of Agendas and Approaches of Institutions
The 'From Farmer -To Farmer' project not only provided space for learning by the involved participants, it also had effects on the agendas and approaches of the involved organisations and the establishment of new projects and programs. Impacts concerned further activities with the aim of improving the project's efficiency, including the organisation of film presentations, the establishment of training courses for extension workers, and the prolongation and expansion of the project to the French-speaking part of Switzerland and to new issues such as pasture management. Furthermore, the participatory design of the project served implicitly or explicitly as a model for new projects in related fields such as a project about the re-use of excavated material in a cantonal soil protection agency, and the national resource program of the Federal Office for Agriculture supporting farmers' initiatives for more sustainable agriculture. The latter program represents a fundamental change in the governmental implementation strategy. So far, implementation of measures for sustainable agriculture has been based on a system of incentives, control and sanctions. The new program provides a new and still small space where farmers, experts and scientists work together.
These new projects and programs can be regarded as new spaces for social learning where farmers, experts and scientists collaborate and co-produce knowledge for more sustainable development (see the chapter on improved collaboration for better solutions). They link different organisations and actor groups within a boundary space between them. In this process, the films proved to play an important role. As 'intermediary objects' they helped the participants to communicate to their organisations the individual learning processes in the accompanying group. Presentations of the films opened space allowing learning processes to emerge among the other members of the organisations by positively influencing the institutional environment, resulting in more positive connotations associated with soil issues and farmers' respective knowledge about it (Fig. 1) .
Facilitation of Social Learning and Co-Production of Knowledge
The processes described above occurred by no means automatically and not in all cases. Analysis revealed that social learning cannot be imposed upon the actors. Instead, the conditions for the emergence of social learning can be positively influenced. Spaces for social learning within the 'From Farmer -To Farmer' project proved to have been shaped by four highly interrelated main characteristics:
Collaboration Beyond Traditional Political Tensions
The opportunity to meet in a context removed from current political struggles and traditional institutional tensions and power relationships turned out to be an essential element enabling social learning. The 'From Farmer -To Farmer' project provided space and time for individual actors to interact under novel auspices. A representative of the Federal Office for the Environment described this as follows:
"We had always had contact with the Federal Office for Agriculture. Contact and disputes, with the disputes being more frequent. They usually tried to cut off everything that grew out of an environmental perspective and to postpone it, so they would have to do as little as possible. We did have joint projects, but usually in the sense of negotiating who would concede more. Our collaboration in the 'From Farmer -To Farmer' project, by contrast, was very good because we both pulled in the same direction."
Against the background of such experiences, the question arises of how distinct actors could be convinced to enter into collaboration. This was due to the sound management of the project leader, which enabled all these actors to find an 'entrance' to the project: for some actors this entrance was 'soil conservation' (mainly actors in soil protection), for others 'the from farmer -to farmer approach' (mainly actors in agriculture) and for still others the underlying 'theoretical foundations' (actors in social science). The project leader invested a lot of time and energy in bilateral meetings to establish personal relations, to identify the participants' plans and goals, and to integrate them into the project. In doing so, the project leader was supported by several early participants who personally knew other actors.
Finding common interests and liaisons not only livened up the project but also created a new basis for collaboration and social learning. This process was facilitated by the fact that the subject of producing a film for farmers went beyond the traditional debates on (ecological) direct payments. At the same time, intensified social learning was shown to be impeded if the distance between the actors was too great due to varying interests, aims or life-worlds. This Fig. 1 Two examples of new spaces for social learning processes and co-production of knowledge was also true if the participants acted mainly as representatives of their institutions. In these cases, participants were stuck in negotiating institutional interests.
An Atmosphere of Trust that Led to Acknowledgement of Farmers', Experts' and Scientists' Views and Knowledge An atmosphere of trust where farmers', experts' and scientists' views and knowledge are taken seriously was one of the most important elements enabling social learning in the 'From Farmer -To Farmer' project. The development of such an atmosphere took time. It evolved through specific forms of collaboration, the engagement of the project leader, and as a result of the attitudes of the participating actors. For instance, the project leader organised situations where specific actors were addressed as 'experts': e.g. most meetings of the accompanying group started in the field, where farmers naturally have the role of specialists. This helped the participants to respect the competence and knowledge of the other (non-scientific) actors and, at the same time, to experience respect for their own knowledge. Actively integrating actors with different perspectives and knowledge and allowing them to be part of the process was an important element. In cases where this did not work out, group processes were shown to develop a life of their own with the result that participants were excluded and social learning was thus impeded. In addition, intermediary persons proved to play a crucial role. Several participants, including the project leader, had experiences in various fields such as agricultural practice and science or soil protection and agriculture. They knew different life-worlds, forms of knowledge and institutions and thus could build bridges between the distinct actors. Analysis of the accompanying group meetings showed that the mediating interventions of these persons fundamentally shaped the dialogue between the distinct participants. Intermediary persons, therefore, can be regarded as important facilitators of social learning processes.
Communication and Interaction Beyond the Knowledge Systems to which the Actors Belong
The emergence of social learning was facilitated by forms of collaboration that enabled communication and interaction beyond the knowledge systems to which actors formally belonged: This basically means forms of collaboration that integrate the life-worlds of the actors. Creating films about farmers practicing soil conservation made the personal experiences of the farmers the starting point for many discussions in the accompanying group. This also encouraged the participants with a scientific background to discuss soil protection on the level of personal experience rather than on the level of 'objectified' scientific results. The effect of these personal interactions was described by a farmer as follows:
"...when some official simply implements a law without having any relation to its impacts, but here there was a different feeling. I also felt that a representative of the Federal Office was trying to understand farmers' concerns -thanks to the films, among other things. The films affected us first. They were in a language everyone could understand but not primitive; this initiated a process of mutual understanding."
This kind of interaction did not primarily take place during the formal meetings, but during the more informal sessions such as coffee breaks, common lunches, field trips, and travel. It related to the establishment of personal relations and the emergence of emotional qualities. Many participants expressed the importance of meeting other participants in their own locations and thus becoming acquainted with their life-world and their institutional context. A soil protection expert expressed this as follows:
"You could have really good discussions. At meetings where the participants were located, I felt that something was developing and there would be no turning back. Even that XX could express himself the way he did -which I hadn't thought possible -even critically with regard to certain steps in mechanization, and that we experienced each other as human beings. I think we all benefited from the mutual respect that developed -even though we all represented different positions. Everyone felt that we had a goal and that we were working towards it jointly."
The willingness to get involved in these kinds of interactions was shown to have been determined by the participants' knowledge conceptions: Actors with underlying constructivist knowledge conceptions believed that different people could have different life-worlds and knowledge. Consequently, they were more likely to be open to learn from other participants and to reflect their own position. Actors with underlying positivist knowledge conceptions tended to devalue the project and its approach as backwards-looking and romanticising traditional farmers' knowledge. For them, farmers' knowledge cannot really be innovative and thus there is no value in social learning. In the same way, social learning proved to be difficult if there was strong agreement between actors in the same field. Under these circumstances, discussions focused on specialised details and interactions based on personal experience were not possible.
Possibilities for Creating and Sharing Tacit and Explicit Knowledge
The analysis revealed that social learning in the 'From Farmer -To Farmer' project encompassed creating and sharing of tacit and explicit forms of knowledge. Both forms of knowledge were equally important and were shown to be intrinsically linked to each other. Learning on an explicit level, for example, was interlinked with the emergence of the partly tacit elements of personal attachment, trust and mutual understanding. Creation and sharing of the two forms of knowledge was enabled by space and time for joint 'experience' as well as 'reflection'. Personal experience during informal meetings in the field, the use of story-telling methods, active collaboration on a specific product and interactions on the life-world level facilitated the involvement of tacit knowledge. Joint reflection, on the other hand, took place through dialogue within the group and helped to articulate tacit knowledge, working experiences, ideas, and preliminary feelings. Joint reflection was facilitated by the continuous transdisciplinary research as well as by the project leader's sensitive moderation of discussions. The meetings were moderated in such a way that critical subjects could be addressed and solved in the group.
However, the effect of joint experience and reflection in biannual meetings depended on the participants' possibilities for linking novel understanding with experience in 'normal' daily or working life: For example, increasing awareness of integrating farmers in implementation processes can be traced back to the social learning process in the project but must also be seen in the context of ongoing debates on participatory approaches stimulated by longterm experience in international development cooperation.
The main characteristics explored proved to be intentionally created by the project leader. However, in many cases they emerged spontaneously. In both cases-in the words of Nonaka et al. (2001) -it was important to 'find' and 'energise' spaces where social learning between different actors occurred spontaneously in daily life. We found in this study that creating, finding and energising spaces for social learning aiming at co-production of knowledge was positively influenced by the specific strategies summarised in Table 3 . All of these strategies influenced all four main characteristics described. However, some of them-as listed in Table 3 -proved to be of special importance.
Conclusion
The limitations of the generally adopted knowledge transfer approach in promoting soil conservation motivated us to investigate an alternative way of implementation which is based on co-production of knowledge and social learning. The study on the 'From Farmer -To Farmer' project revealed that processes of social learning led to fundamental transformations in patterns and atmospheres of interactions between the actors involved. They can be related to three different levels: (1) face-to-face interactions within the project, (2) interactions within the involved organisations, and (3) interactions within the boundary spaces existing between organisations.
Transformations on the level of face-to-face interactions were mainly associated with joint film production. They encompassed the emergence of mutual understanding, trust, improved relations, a broader and more contextualised understanding of the problem of soil conservation, as well as transformations in the underlying conceptions of knowledge. The study thus underpins, for the case of Switzerland, the results of an investigation of the main dimensions of social learning processes, carried out in the context of developing countries. Rist et al. (2006) showed that social learning processes must be understood as the simultaneous and actor-specific transformation of cognitive, social and emotional competences and the social capital through which actors are bound together.
These transformations occurred by no means automatically, and not in all cases. We identified four highly interlinked core characteristics that shaped social learning and co-production of knowledge: Collaboration beyond traditional political tensions; an atmosphere of trust where farmers', experts' and scientists' views and knowledge are taken seriously; communication and interaction beyond the knowledge systems to which the actors belong; and possibilities for creating and sharing tacit and explicit knowledge.
As a consequence of the face-to-face learning processes emerging from the joint film production, some participants began to scrutinise other existing implementation schemes and to search for alternatives based on the newly gained insights. They reorganised existing and created new projects within the room for maneuver they had, by gradually transforming their institutional approaches from understanding implementation not as unilateral process of knowledge transfer, but as a pathway to co-production of knowledge between farmers, experts and scientists. By translating processes of social learning created in the context of the 'From Farmer -To Farmer' project to their organisations, the films played an important role as intermediary objects. Furthermore, presentations of the films opened spaces for organisational learning by positively influencing the institutional environment, resulting in more positive connotations of soil protection and farmers' respective knowledge about it.
The newly established projects themselves can be regarded as spaces for social learning where farmers, experts and scientists collaborate and co-produce knowledge for more sustainable development. Different organisations and actor groups become linked through these new learning spaces located in a boundary space between them. While these new alliances were first created in a rather informal way, in a second step they were concretised to specific new projects as part of a more formalised inter-institutional process of negotiation and learning. In this way, social learning processes involving individual participants could be propagated beyond the face-to-face interactions within the 'From Farmer -To Farmer' project to further learning on the level of the institutions and their boundary spaces.
Summarising the above findings we conclude that social learning resulting in co-production of knowledge between farmers, experts and scientists becomes essential for jointly moving towards more sustainable agriculture.
Policy Implications
In view of the great potential of processes of social learning and co-production of knowledge, we can highlight three important implications for governmental soil conservation strategies:
-Soil protection strategies should place more emphasis on social processes, the emergence of trust, and mutual understanding, as well as on the tacit dimensions of knowledge creation. This means, for example, integrating intermediary persons who can build bridges between different kinds of actors and taking into account that certain types of knowledge can be created and communicated only through sharing time and space together. -In this regard, implementation strategies should be based on a dynamic interrelation between finding spaces where learning processes between farmers, experts and scientists occur in agricultural practice (e.g. farmers' networks) and enriching them, thus creating new spaces to actively enhance social learning. -Soil protection agencies should see themselves not as managers but as facilitators in a dynamic process of knowledge emergence between farmers, experts and scientists. In this perspective not only the farmers but also the experts and the scientists are part of the learning process.
Scientific Implications
Most articles published over the last decades have focused on social learning processes on the level of face-to face interactions, in which individual actors collectively reconceptualise the definition of present situations in order to create more common ground for collective action (e.g. Buck 2003; Schusler et al. 2003) . Far less attention has been given to the role of learning in shaping social institutions or the way institutions and organisations interact. This is true for social norms and values, public, private, and civic sector organisations, and political and economic structures (Woodhill 2002 ). This study demonstrates that a learning-oriented understanding of sustainable development implies including analysis of the institutional environments in which the organisations of individual representatives of face-to-face-based social learning processes operate. The degree to which organisational structures are able to respond positively to the social learning processes in which their individual members are involved has proven to be a decisive factor in making it possible to turn the face-to-face-based learning processes of the organisations' representatives towards forms of more organisational learning. Moreover, the study revealed that this was achieved not directly through formalisation of new lines of institutionalised cooperation; instead, it was achieved by establishing links in a boundary space by trying out new forms and content in collaboration aiming at social learning and co-production of knowledge.
To better understand the elements and processes that contribute to propagation of face-to-face social learning processes, and to changes at the institutional level, we argue that further research should emphasize elements and processes related to this boundary space, including intermediary persons and objects.
